We build the complete supersymmetric version of a 3-4-1 gauge model using the superfield formalism. We point out that a discrete symmetry, similar to the R-symmetry in the minimal supersymmetric standard model, is possible to be defined in this model. Hence we have both R-conserving and R-violating possibilities. We also discuss some phenomenological results coming from this model.
Introduction
The full symmetry of the so called Standard Model (SM) is the gauge group SU(3) c ⊗ SU(2) L ⊗ U(1) Y . Nevertheless, the SM is not considered as the ultimate theory since neither the fundamental parameters, masses and couplings, nor the symmetry pattern are predicted. Even though many aspects of the SM are experimentally supported to a very accuracy, the embedding of the model into a more general framework is to be expected.
Some of these possibilities is that, at energies of a few TeVs, the gauge symmetry may be SU(3) c ⊗ SU(3) L ⊗ U(1) N (3-3-1 for shortness) [1, 2, 3] . Recently, the supersymmetric version of these model have alreday benn constructed in [4, 5] . These 3-3-1 models can be embedded in a model with 3-4-1, its mean SU(3) c ⊗ SU(4) L ⊗ U(1) N gauge symmetry [6] .
In SU(4) L ⊗ U(1) N , the most general expression for the electric charge generator is a linear combination of the four diagonal generators of the gauge group 
The model
In this section (Sec. 2.1) we review the non-supersymmetric 3-4-1 model of Refs. [6] and add the superpartners (Sec. 2.2) of the usual particles of the non supersimmetric model. The superfields, useful to construct the supersimmetric lagrangian of the model, associated with the particles of this model are introduced in section (Sec. 2.3).
The representation content
In the model of Ref. [6] , the free parameters for the eletric charge generators are
and Eq.(1) can be rewritten as
However, let us first consider the particle content of the model without supersymmetry. We have the leptons transforming in the lowest representation of SU(4) L the quartet 1 in the following way
In parenthesis it appears the transformations properties under the respective
In the quark sector, one quark family is also put in the quartet representation
then the charged leptons get a mass but neutrinos remain massless, at least at tree level.
Supersymmetric partners
Now, we introduce the minimal set of particles in order to implement the supersymmetry [12] . We have the sleptons corresponding to the leptons in Eq. (4); squarks related to the quarks in Eqs. (6)- (8); and the Higgsinos related to the scalars given in Eqs. (9) and (11) . Then, we have to introduce the following additional particles
Where α = 2, 3 and β = 1, 2. The higgsinos of these model are given bỹ
Besides, in order to to cancel chiral anomalies generated by the superpartners of the scalars, we have to add the following higgsinos in the respective anti-quartet representation,
and the decuplet
Their superpartners, higgsinos, arẽ
The vev of our scalars are given by
Concerning the gauge bosons and their superpartners, if we denote the gluons by g b the respective superparticles, the gluinos, are denoted by λ 
Superfields
The superfields formalism is useful in writing the Lagrangian which is manifestly invariant under the supersymmetric transformations [13] with fermions and scalars put in chiral superfields while the gauge bosons in vector superfields. As usual the superfield of a field φ will be denoted byφ [12] . The chiral superfield of a multiplet φ is denoted bŷ
while the vector superfield is given bŷ
The fields F and D are auxiliary fields which are needed to close the supersymmetric algebra and eventually will be eliminated using their motion equations. Summaryzing, we have in the 3-4-1 supersymmetric model the following superfields:
The Lagrangian
With the superfields introduced in the last section we can built a supersymmetric invariant lagrangian. It has the following form
Here L SU SY is the supersymmetric piece, while L sof t explicitly breaks SUSY. Below we will write each of these lagrangians in terms of the respective superfields.
The Supersymmetric Term.
The supersymmetric term can be divided as follows
where each term is given by
where α = 2, 3 and β = 1, 2, while the third term is
whereV c = T aV a c ,V = T iV i and T a = λ a /2 are the generators of SU (3) i.e., a = 1, · · · , 8, and T i = λ i /2 are the generators of SU (4) i.e., i = 1, · · · , 15, and g s , g and g ′ are the gauge coupling of SU (3) 
Finally
where W is the superpotential, which we discuss in the next subsection.
Superpotential.
The superpotential of our model is given by
with W 2 having only two chiral superfields and the terms permitted by our symmetry are
and in the case of three chiral superfields the terms are 
In the next subsection, we will show that it is possible to define the Rparity symmetry, the phenomenology of this model with R-parity conserved has similar features to that of the R-conserving MSSM: the supersymmetric particles are pair-produced and the lightest neutralino is the lightest supersymmetric particle (LSP), see in (subsection 3.2.2). Then in (subsection 3.2.3) we will show that there are terms that will induce mass to the neutrinos of the model.
Discrete R-Parity in SUSY341
To get the terms that are invariant under discrete R-parity in the superpotential, we need to check the following condition [14] 
Choosing the following R-charges
with this R-charge assignment, we get that all the usual particle in the 341 model has R-charge equal one while their superpartner has R-charge opposite, as happen in the MSSM. Next we will present some discussion about the physical consequences on the superpotential, and point some likeness with the MSSM phenomenology.
R-parity conservation
The terms in the superpotential that satisfy the R-parity, W 2RC + W 3RC , are given by the following terms
The first term in W 3RC , will leave some leptons massless and some other mass generate, because L a L b ≡ 4 ⊗ 4 = 6 ⊕ 10 and how this term is antisymmetric in the generation indices (a, b) it implies that the Yukawa coupling λ 2ab is antisymmetric matrix. We have three antisymmetric factors hence only the antisymmetric part of the coupling constants λ 2ab gives a non-vanishing contribution and the mass matrix has eigenvalues 0, −M, M, so that one of the leptons does not gain mass and the other two are degenerate, at least at tree level. Due this fact the second term will generate masses to the charged leptons [6] . With this superpotential, it is possible to give mass to all charged fermions in the model but neutrinos remain massless. Using Eq. (19) in Eq.(34), we get the following mass matrices in the quark sector:
for the u-quarks, and
for the d-quarks, and for the exotic quarks, J and j 1,2 ,we have M J = κ 4 w ′ / √ 2 and
respectively. The quark u ′ get the following mass
From Eqs. (35) and (36) we see that all the VEVs from the quartet and anti-quartet have to be different from zero in order to give mass to all quarks. Notice also that the u-like and d-like mass matrices have no common VEVs. On the other hand, the charged lepton mass matrix is already given by M l ij = xλ 3ij / √ 2, where x is the VEV of the H 0 3 component of the antidecuplet H in Eq. (11) . However, all other VEV from the anti-decouplet and from the x ′ can both be zero since the decouplet H ′ does not couple to leptons at all.
R-parity violation
While the R-parity violating terms are given by W 2RV + W 3RV , where 
The superpotential give in Eq.(39) provide us the mass terms for leptons and higgsinos
wchich will induce mass for thre neutrinos as was show in [15, 14] . However the R-violating interactions can give the correct masses to e, µ and τ , even without a decouplet in the same way as happened in thew minimal supersymmetric 331 model, [15] , where only the mixing between the higgsinos with the leptons reproduce the mass spectrum of the physical charged leptons.
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The soft terms
The soft terms can be written as
where
give mass to the boson superpartners and
in order to give mass to the scalars, we have omitting the sum upon repeated indices, i, j, k = 1, 2, 3 , and we only write the terms that respect R-parity see Eq.(34). Finally, we have to add
The pattern of the symmetry breaking in this model is given by susy341
4 Double Chargino and Neutralino Production e model charginos and neutralinos MSSM [12] This means that in some supersymmetric extensions of these kind of models we will have double charged charginos [17] . On the table, Tab. (1), we show the possible states in the supersymmetric models, in parenthesis we show the number of states that they appear. Therefore we can distinguish the differents models with base in the numbers of particles. In Left-Right Supersymmetric Model (SUSYLRT) the doubly charged higgsinos do not mix with gauginos. The production of a double charged higgsino was studied in [21] . Because of low level of SM backgrounds, the total cross section σ ≈ 10 −3 nb at √ s = 500GeV [22] , e − e − collisions are a good reaction for discovering and investigating new physics at linear colliders. With this process is possible to study reactions that violate both lepton and/or fermion number, and this kind of reaction are expected in supersymmetric models, as we will briefelly present next.
In the minimal supersymmetric 331 model the chargino (neutralino) base is given by
while the base on the susy341 model is
The interaction lagrangian in the supersymmetric 331 model is presented at Appendix A of [17] , the respective lagrangian interaction in the susy341 model is given by
Comparing both lagrangian, we notice that both have the same structure. Terefore, the Feynman rules in both model are the same, and they are given in Table 2 we have defined the following operators:
This implies new interactions that are not present in the MSSM, for instance: χ −−χ0 U ++ ,χ −χ− U ++ ,l − l −χ++ whereχ ++ denotes any doubly charged chargino. Moreover, in the chargino production, besides the usual mechanism, we have additional contributions coming from the U-bilepton in the s-channel. Due to this fact we expect that there will be an enhancement in the cross section of production of these particles in e − e − collisors, such as the ILC.
Therefore the result to the light double chargino production are the same as presented in [17] . We must remember that the susy341 model differ from the minimal supersymmetric 331 model in the number of neutralinos. On this way we can distuinguish between both models.
In the future, we want to compare the results about the double chargino production on SUSYLRT, SUSY331 and SUSY341, bacause this kind of phenomenology was not so much studied in the literature and it can be very nice signal to new physics.. We believe that these new states can be discovered, if they really exist, in linear colliders ILC. Table 2 : Feynman rules derived from susy341 model in the same way as done in [17] .
From the phenomenological point of view there are several possibilities. Since it is possible to define the R-parity symmetry, the phenomenology of this model with R-parity conserved has similar features to that of the Rconserving MSSM: the supersymmetric particles are pair-produced and the lightest neutralino is the lightest supersymmetric particle (LSP).
While in the case that R-parity is not conserved we can induce masses to neutrinos of the model in the same way as in the MSSM. We also studied the proton decay problem in this model, and we show that it is in asgreement with the experimental data.
